The question of the relative size of tree and penguin amplitudes is analyzed using the data on B → ππ, B + → π + K 0 , and B + → K +K 0 decays. Our discussion involves an estimate of SU (3) breaking in the final quark-paircreating hadronization process. The estimate is based on Regge phenomenology, which many years ago proved very successful in the description of soft hadronic physics. Accepting the Regge prediction as solid, it is then shown that the relative size and phase of the two parts of the penguin amplitude can be unambiguously extracted from the data on the decays considered. This enables fixing the C/T ratio of 'true' tree amplitudes, which -on the basis of the existing data -is shown to be small (of the order of 0.2).
Introduction
Rare charmless nonleptonic B meson decays provide us with a lot of information on weak interactions of quarks and the Cabibbo-Kobayashi-Maskawa (CKM) matrix. Yet, since quarks are forever confined, this information is necessarily blended with strong interaction effects. Additionally, there may be contributions from New Physics beyond the Standard Model. Since this New Physics is by definition unknown, proper disentangling of all three effects requires a thorough understanding of the strong interaction part.
Unfortunately, the calculation of low-energy quark-confining strong interaction effects from first principles is at present impossible. Consequently, the only way to achieve a reliable understanding of these effects is through their parametrization and subsequent extraction of relevant parameters from the experimental data. For example, simple quark-level arguments suggest that the ratio C/T of the so-called colour-suppressed (C) and tree (T ) diagrammatic amplitudes (see eg. [1] ) should be small. Yet, since the time of the theoretically clean analysis of ref. [2] , it is known that the effective tree and colour-suppressed amplitudes in B → ππ decays are roughly equal in absolute magnitudes, thus contradicting simple quark-level expectations. Hence, additional quark-level [3, 4] and/or hadron-level [5] effects must be important.
In fact, as various authors have argued, the effective tree (T ) and colour-suppressed (C) amplitudes involve contributions from penguin diagrams as well (see eg. [2, 6] ). Disentangling this 'second' penguin contribution from the 'true' C and T amplitudes is not possible on the basis of B → ππ data alone. For this reason, ref. [7] considered B → ππ decays in conjunction with B → πρ and B → πω processes. Since under very reasonable assumptions it may be shown that both B → ππ and B → πρ, πω processes depend on the same ratio of C/T , the number of equations constraining C/T increases, thereby enabling extraction of the latter from the data. In ref. [7] it was then shown that the data allow a solution for C/T which is in agreement with the simple quark-level expectations.
Alternatively, one may supplement the data on B → ππ decays with those on B + → K +K 0 . This was the route attempted in ref. [8] . The problem with that route is that one has to know how to treat SU(3) breaking.
In this paper, we analyse B → ππ and B + → K +K 0 decays in conjunction with B + → π + K 0 processes, and under a specific assumption concerning the pattern of SU(3) breaking. The assumption on SU(3) breaking adopted by us has been experimentally known to be correct since the mid-seventies of the last century. We show that the data on B → ππ, K +K 0 , π + K 0 point then unambiguously toward a small |C/T | ratio, of the order of 0.2.
The Letter is organized as follows. In Section 2 our main definitions and conventions are set and the basic analysis of the B → ππ sector [2, 7] is repeated with the new, more precise data. Section 3 contains the analysis of the
decays. This involves a Regge estimate of SU(3) breaking in the hadronization stage, which is crucial in bringing the extracted value of |C/T | into agreement with the expectations. We conclude in Section 4.
Decays B → ππ
Below we employ the notation used in ref. [7] . The diagrammatic approach gives the following expressions for the amplitudes in the B → ππ decays:
where we have kept the leading terms only, i.e. the contributions from effective treẽ T , colour-suppressed treeC, and penguin amplitudes P c . The effective amplitudes present in Eq. (1) are related to 'true' tree T and colour-suppressed C amplitudes, as well as to two contributions to the total penguin amplitude P :
where
with V qk being the CKM elements, and P q being the contribution from quark q running inside the penguin loop. After introducing
where A and λ are Wolfenstein parameters, the relevant formulas for the effective amplitudes are:
where the weak phase factor has been explicitly factored out from the 'true' tree amplitudes C, T , and R b = √ρ 2 +η 2 = 0.37 ± 0.02 (all experimental numbers are taken from HFAG [9]).
Following refs [2] , [7] , we define
Then, asymmetries
are expressed in terms of d and θ as
Using
, one then solves the above equations for d and θ to find:
When the following CP-averaged B → ππ branching ratios R ππ +− , R ππ 00 are defined:
they may be expressed in terms of the yet undetermined parameters x, ∆ as
For the values 
A large (close to 1) value of x constitutes a problem in those approaches in which the contribution of P u is neglected since for small P u we have |C/T | ≈ x (Eq. (6)). If P u is not neglected, then -as proposed in ref. [7] -using information on B → πρ and B → πω decays and making a very reasonable physical assumption concerning the creation of thepair in the final hadronization process, one can try to extract the true ratio C/T . In fact, it was shown in ref. [7] that there exists a solution with a small value of |C/T | (of the order of 0.3). Extraction of C/T is thus possible with the help of additional information available from other data.
The method of ref. [8] uses for that purpose the data on B → KK. Under the assumption of exact SU(3) it shows that the true C/T may indeed be small. However, when a specific way of SU(3) breaking is considered, ref. [8] predicts significantly increased central values of C/T (albeit the corresponding errors also increase).
Decays B → πK, KK
The problem with the method of ref. [8] is that it assumes either exact SU(3), or -as we will show -an inadequate estimate of SU(3) breaking. In the following, we show how SU(3) breaking in the hadronization stage should be included, and how this affects the discussion of the tree and penguin amplitudes (other studies of B → KK decays may be found in refs [10, 11] ). In order to present the problem with SU(3) breaking clearly, it is appropriate to consider two different but closely related pure penguin processes, i.e. the decays B + → K 0 π + and B + → K +K 0 , and to discuss them in conjunction.
B
When compared with the B → ππ amplitudes, the B + → π + K 0 amplitude differs in that it is now an s quark and not a u or d quark that is being produced. The relevant difference enters through the CKM factors λ q 's are factored out, the remaining factors in penguin amplitudes (i.e. P tu , P tc ) should be the same in both B → ππ and B → πK (cf. [7] ). Thus, the B + → π + K 0 amplitude is given by
When the ratio of P tu /P tc is expressed in terms of P u /P c , one obtains
and the factor of 1/ √ ǫ takes care of the suppression of the term −λ . (4) ). It is convenient to introduce
so that
For C/T ≈ 0 one then expects
In the SU(3) symmetric case, the B + → K +K 0 amplitude is given by P of Eq. (2):
We know, however, that SU(3) is broken. The main difference between the B + → π + K 0 and B + → K +K 0 amplitudes stems then from the fact that in the first decay thepair created after the weak decay is composed of light quarks, while in the other decay it is an ss pair. Now, it is known that processes, in which such newly produced quarks q andq end up in different (and separated by large rapidity gap) hadrons, are suppressed for strange quarks more than for the light ones. Let us therefore write the B + → K +K 0 amplitude for the case of SU(3) breaking (parametrized by κ < 1) as
Estimate of SU (3) breaking
In order to estimate the size of κ we use the Regge method as applied to decays in ref. [12] . The method makes it possible to estimate the suppression of a hadronization process involving the production of an ss pair as compared to a process involving the production of a uū or dd pair. The relevant suppression is equal to the suppresion, Figure 1 : Reggeon exchanges leading to πK and KK final states
GeV 2 , of a K * Reggeon exchange amplitude when compared with that for ρ (or ω) Reggeon exchange (see diagram of Fig. 1) . Indeed, the left-hand sides of the two diagrams in Fig. 1 involve only light (u, d) quarks exchanged between the two mesons of the s-channel. Thus, they are SU(3) symmetric and their effects on the amplitudes are identical. The right-hand sides of the diagrams in Fig. 1 differ just as the right-hand sides (i.e. hadronization parts) in the (penguin only) diagrams for B + → π + K 0 and B + → K +K 0 . The ratio of the two Regge amplitudes provides therefore a good estimate of κ. Since it is known that the couplings of the leading non-Pomeron Reggeons to external particles (i.e. π, K) satisfy SU(3) symmetry, the ratio of the two amplitudes in Fig. 1 is given solely by the ratio of the Reggeon propagators, and is therefore equal to
where s 0 = 1 GeV 2 , and α 0 (M) is the so-called intercept of the relevant Regge trajectory. In refs [13, 14] it was estimated that
Thus, one expects κ ≈ 0.50.
If one accepts α 0 (K * ) − α 0 (ρ) = −0.15 as sometimes used, one gets κ ≈ 0.60.
Constraint from branching ratios
The CP-averaged branching ratios for the B + → π + K 0 , K +K 0 decays are given by
Thus, we find that
The experimental branching ratios for B + → π + K 0 , K +K 0 , and B 0 → K 0K 0 decays are (in our approximation the amplitudes for B + → K +K 0 and B 0 → K 0K 0 are identical):
Thus, one finds
or 
The analysis of [7] indicates that for small C/T the value of ζ is of the order of −15 o to −45 o (see also Eq.(19)). If, as might be expected, the relative strong phase of P tu with respect to P tc is indeed that small (say |ζ| < 30 o ), one estimates that for exact SU (3) z ≈ 0.9 − 1,
while if SU(3) is broken, one gets (for κ = 0.50)
In both cases, for larger values of |ζ| one obtains smaller z, with the minima (0. counterpart may be significant, as it results from an interference of two penguin contributions of comparable sizes (see Eq. (20)). Thus, the analysis of this asymmetry, given by In the SU(3)-breaking case the two constraints cross in the region:
Implications for C/T
Let us now return to B → ππ. In the following we accept the central values of x, d, ∆, and θ. From Eqs (9,13,17), one then gets (independently of θ)
For real C/T , approaching z ≈ 1 (which for small ζ is equivalent to the SU(3) case), requires large positive values of C/T (around 0.8 − 1.0). On the other hand, the SU(3) breaking case (for small ζ corresponding to z ≈ 1.8 − 2.3) clearly needs C/T close to zero. Thus, inclusion of SU(3) breaking in the hadronization stage is very important.
The fit of ref. [8] does not produce large |C/T | in the case of exact SU(3) since it does not take into account the condition of Eq. (26) (imposed by the relative size of the B + → π + K 0 and B + → K +K 0 branching ratios), which forces z ≤ 1 for any ζ. Clearly, the fit should be reconsidered with the SU(3)-breaking expression of Eq. (21) and κ ≈ 0.5.
For any z and ζ, the value of C/T may be evaluated from Eq. (17), provided the B → ππ parameters are known sufficiently well. The relevant contour plot of |C/T | is presented in Fig. 2 , with the borders of the shadowed areas coresponding to |C/T | = 0.1, 0.2, 0.5. Lines of constant Arg(C/T ) are also shown. Fig. 2 explicitly demonstrates that the data on the B + → K +K 0 branching ratio and asymmetry indicate that |C/T | is small. Further improvement in the accuracy of the measurement of the B + → K +K 0 and B → ππ decay parameters could provide us with more detailed information on C/T .
Although our analysis of B + → π + K 0 , K +K 0 does not need or use the size of P c , the latter may be estimated from the B + → π + K 0 branching ratio. Assuming small C/T , one gets P c = 1.03 ± 0.02,
an update on the estimate given in [7] .
Conclusions
We have adopted the old Regge model for high-energy soft processes in the description of SU(3) breaking in the hadronization stage of B decays. We have pointed out that in an analysis of the relative size of C, T and penguin amplitudes the decay B + → π + K 0 provides important information which has to be taken into account in addition to that obtained from B → ππ and B → KK. We have shown that the data on B → ππ, π + K 0 , and K +K 0 consistently point to a small value of |C/T |. Further improvement in the accuracy of the relevant measurements could tell us more about the actual value of C/T .
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